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Green Chemistry is the design of chemical products and processes that reduce or
eliminate the use and/or generation of hazardous substances.
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The Twelve Principles of Green Chemistry
1. Prevention. Itis better to prevent waste than to treat or clean up waste after it is formed.

2. Atom Economy. Synthetic methods should be designed to maximize the incorporation of all materials used in the
process into the final product.

3. Less Hazardous Chemical Synthesis. Whenever practicable, synthetic methodologies should be designed to use and
generate substances that possess little or no toxicity to human health and the environment.

4. Designing Safer Chemicals. Chemical products should be designed to preserve efficacy of the function while reducing
toxicity.

5. Safer Solvents and Auxiliaries. The use of auxiliary substances (solvents, separation agents, etc.) should be made
unnecessary whenever possible and, when used, innocuous,

6. Design for Energy Efficiency. Energy requirements should be recognized for their environmental and economic
impacts and should be minimized. Synthetic methods should be conducted at ambient temperature and pressure.

7. Use of Renewable Feedstocks. A raw material or feedstock should be renewable rather than depleting whenever
technically and economically practical.

8. Reduce Derivatives. | ization (blocking group, ion, temporary ion of
physicalichemical processes) should be avoided whenever possible .

9. Catalysis. Catalytic reagents (as selective as possible) are superior to stoichiometric reagents.

10. Design for Degradation. Chemical products should be designed so that at the end of their function they do ot persist
in the environment and instead break down into innocuous degradation products.

11. Real-time Analysis for Pollution Prevention. Analytical methodologies need to be further developed to allow for real-
time in-process monitoring and control prior to the formation of hazardous substances.

12. Inherently Safer Chemistry for Accident Prevention. Substance and the form of a substance used in a chemical

process should be chosen so as to minimize the potential for chemical accidents, including releases, explosions, and fires.

Risk = Exposure x Hazard




The cost of using hazardous materials:

Storage

Transportation

Treatment

Disposal

Regulatory Costs

Liability

Worker Health and Safety
Corporate Reputation
Community Relations

New Employee Recruitment

Where do products come from?

“The Environment” ﬂ
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Social Implications

To get a PhD in Chemistry...

No universities in the United States require
any demonstration of knowledge regarding
toxicity or environmental impact!
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Chemicals Policy




Carbon-Carbon Bonds
Oxidations
Reductions
Hydroxylations
Polymer Syntheses

Traditional Processes

Tradi

tional Processes Green Alternatives

Green Chemistry Research and Development Act of 2005
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Chemistry au Naturel
Chemists aim to mimic natural systems
wih the hope of developing more-eficient

chemical processes that are also
less harmil to the environmen.
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Physical properties of a material

*State of Matter

«Color

*Melting Point

*Boiling Point
«Solubility

*Electrical Conductivity
eToxicity

eImpact on the environment

www.greenchemistry.uml.edu

Thank You !
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